Treatment of Z-PPh2CH2C(Bur)=NNH, with 4-methylphenylthiomethyl methyl ketone gave the thioether azine phosphine Z,E-PPh2CH,C(Bur)=N-N=C(Me)CH2S(C6H4Me-4) 1, which with H202 gave the corresponding phosphine oxide 2. Treatment of 1 with [~o (~~) , ( q~-c h t ) ] or [W(CO),(NCEt),] gave the yellow tricarbonyl complexes ~~C-[M(C~)~{PP~~CH~C(B~')=N-N=C(M~)CH~S(C~H,M~-~)] 3a (Mo) or 3b (W), respectively. Treatment of 1 with [Mo(CO),(nbd)] gave the pale yellow tetracarbonylmolbdenum(O) complex [MO(CO)~(PP~~CH~C(B~')=N-N=C(M~)CH~S(C~H,M~-~))] 4, in which the ligand 1 is bidentate through P and N. Oxidation of either 3a or 4 with 1 equivalent of bromine gave the orange neutral seven-coordinate dicarbonylmolybdenum(II) complex [MoBr2(CO),{PPh2CH2C(Bu1)=N-N=C(Me)CH2S(C6H4Me-4))] 5, whereas the tungsten complex 3b with 1 equivalent of bromine gave the seven-coordinate tricarbonyltungsten(I1) cation [WBr(C0)3{PPh2CH2C(Bu1)=N-N=C(Me)CH2S(C6H4Me-4))]+ isolated as the PF6 salt 6. Treatment of 1 with [PtCl,(NCMe),]gave the yellow dichloroplatinum(II) complex [PtC12{PPh2CH2C(Bur)= N-N=C(Me)CH2S(C6H4Me-4))] 7, in which 1 is bidentate through P and N. When 7 was treated with NH4PF6 in methanol it gave the terdentate salt [PtCI{PPh,CH2C(Bu1)=N-N=C(Me)CH2S(C6H4Me-4))]PF6 8a. Deprotonation of 7 with NEt3-NaOH gave the orange neutral chloroplatinum(II) complex [PtC1{PPh2-CH2C(Buf)=N-NC(Me)=CHS(C6H4Me-4))] 9, containing a terdentate ene-hydrazone phosphine ligand. This neutral complex 9 was reprotonated using HBF, to give the BF, salt 8b. Treatment of the phosphine 1 with [PtMe2(cod)] gave the white dimethylplatinum(I1) complex [PtMe2{PPh2CH2C(Bur)=N-N=C(Me)CH2-
Introduction
densed rapidly with 4-methylphenylthiomethyl methyl ketone in ethanol to give the crystalline thioether azine phosphine In a previous paper (1) we described the preparation of a new chelating (P-N) ligand Z-PPh2CH2C(But)=NNH2 from the phosphino dimethylhydrazone Z-PPh2CH2C(But)=NNMe2 using a hydrazine exchange reaction. Z-PPh2CH2C(But)= NNH, condenses with aldehydes and ketones (QC(=O)R} to give mixed-azine monophosphines of type Z,E-PPh2CH2-C(But)=N-N=C(Q)R(l-lo), whereQ=HorMeandRis sterically more demanding than Q. We have studied the coordination chemistry of these azine phosphines, in particular, the promotion of agostic C-H interaction (3) or aryl fluoride coordination (4) with ruthenium(II), and cyclometallation with Ir(1) (5, 6) , W(0) (7) , and Pt(I1) (8) . We have alsoreported the synthesis of an azine diphosphine Z,Z-PPh2CH2C(But)=N-N--L(But)-CH2PPh2 (1 I), and the ability of it, or its corresponding E,Zisomer, to coordinate to group 6 metal carbonyls (1 1) , and also to platinum and palladium (12, 13) , either as a bidentate (P-P) or as a terdentate (P-N-P) ligand. We incorporated the thioether functionality into our azine-phosphine system, in order to investigate thecoordination chemistry of apotential terdentate (P-N-S) ligand. In this paper we describe the synthesis of a new thioether azine phosphine Z,E-PPh2CH,C(But)=N-N=C(Me)CH2-S(C6H4Me-4) 1 and its complexes with transition metals such as molybdenum, tungsten, or platinum. There are several reports (1 4-2 1) on bidentate (P-S) ligands, viz. Ph2P(CH2),SR (n = 1-3, R = H, Me, Et, or Ph) ( 1 6 1 8,20) ; o-Ph2PC6R4SMe (R = H or F) (14, 15) ; PhP(0-C6R4SMe), (R = H or F) (14, 19) ; P(o-C6H4SMe), (19) ; and Ph2PCH2P(=S)Ph2 (21) ; etc. Tertiary phosphine ligands containing both nitrogen and sulfur donor atoms are rare (22, 23) ; potential terdentate phosphine ligands PPh2CH2CH(NMe2)(CH2).SMe (n = 2, 3), derived from aamino acids, formed bidentate palladium(I1) complexes [PdCl2{PPh,CH2CH(NMe2)(CH2),,SMe}], in which sulfur was not coordinated to palladium (23) . Very recently, Faller et al. (24) reported the synthesis of the analogous phosphinite ligands PPh20CH2CH(NMe2)(CH2),SMe (n = 1, 2) and their terdentate (P-N-S) complexes of type fac-[M(CO),{PPh,-0CH2CH(NMe2)(CH2),SMe}] (M=MoorW).
Results and discussion

Complexes of 1 with molybdenum and tungsten
The phosphino hydrazone Z-PPh2CH2C(But)=NNH2 (1) con-z,E-PP~~cH~c(Bu')=N-N<(M~)cH~s~c~H~M~-1 in 84% yield. The various reactions of the th~oether azine phosphine 1 are summarized in Schemes 1 and 2. Elemental analytical and some mass spectral and carbon-13 NMR data are in the Experimental, IR and phosphorus-31 NMR data are in Table 1 , and proton NMR data in Table 2 . Carbon-13 spectra were assigned using Attached Proton Tests (APT) and by comparison with published data (2, 7, (11) (12) (13) . Some satellites due to platinum-195 coupling were not identified because of their low intensities or broadness. The 3 1~-{ '~} NMR spectrum of the phosphine 1 in CDCl, was a singlet at -11.1 ppm. The proton NMR spectrum showed a doublet at 3.22 ppm with 2~(~~) = 4.2 Hz and singlet at 3.28 ppm for the CH2P and CH2S protons, respectively. The azine phosphine 1 was treated with an excess of H20? to give the corresponding phosphine oxide 2 as a white sol~d in 88% yield. The phosphine oxide 2 showed a phosphorus-3 1 resonance at 24.4 ppm and, in the proton NMR spectrum, the CH2P(=O) protons showed a large coupling to P(V), 2~(~~) = 15.0 Hz.
We first investigated the coordinating ability of the thioether azine phosphine 1 as a terdentate ligand with Mo(0) and W(0) (Scheme 1). Treatment of 1 with [ M O ( C O ) , (~~-C~~) ] (25) (cht = cyclohepta-1,3,5-triene) in benzene solution displaced cyclohepta-l,3,5-triene to give the tricarbonylmolybdenum(0) complex 3a as yellow needles in 85% yield. The infrared spectrum of this complex showed two strong bands for v(C=O) at 1930 and 18 10 cm-', close to literature values observed for zerovalent molybdenum tricarbonyls (26) (27) (28) . The ' 3~-{ '~} NMR spectrum of 3a showed three doublet resonances for the C s ligands in a 1: 1: 1 ratio. The resonances with small 2~(~~) values of 8.1 and 10.2 Hz were assigned to the carbonyl carbons cis to phosphorus and the resonance with a large 2~(~~) value of 42.4 Hz was assigned to the carbonyl carbon trans to phosphorus (7, 10, 11, 29) . Hence, this tricarbonylmolybdenum(0) complex has a fac geometry. The observed low ijc value of 24.9 ppm for the methylene carbon is consistent with the values obtained for methylene carbons in six-membered chelate rings (2, 7, 12, 29) . In the proton NMR spectrum, the CH2P protons were nonequivalent with 2~(~~ 12.9 and 2~(~~) 9.0 Hz whereas the CH2S protons gave a broad peak centred at 3.97 ppm. Interestingly, the MeC=N proton resonance appeared as a doublet with a five-bond cou- We anticipated that the azine phosphine 1 could also act as a bidentate ligand through P and N=CMe nitrogen, giving a six.membered chelate ring, as with other azine phosphine ligands ( 1 4 , 29) . To investigate this we treated 1 with [Mo(CO),(nbd)] (3 1) (nbd = norbornadiene) and obtained the hoped-for tetracarbonylmolybdenum(0) complex 4, which showed a phosphorus-31 chemical shift of 52.0 ppm. The IR bands for v ( C E 0 ) at 2020, 1900, and 1845 cm-' are similar to other values reported for zerovalent molybdenum tetracarbonyls (1, 11, 29) . The mass spectrum gave an intensity profile at m/z 670 (for molybdenum-98) for the parent molecular ion and profiles due to successive loss of one, two, three, and four car-bony1 ligands. The 1 3~-{ 1~] NMR data indicated the presence of four carbonyl ligands and a six-membered chelate ring. In the proton NMR spectrum, the resonances due to the CH,P and CH2S protons were broad at room temperature (20°C). At -40°C, the 'H-{~'P) NMR spectrum showed two AB patterns, one at 2.36 and 3.34 ppm with 2~(~~) 12.5 Hz for the CH2P protons and the other at 3.81 and 4.37 ppm with 2~(~~) 12.9 Hz for the CH2S protons. Probably by -40°C the flexible six-membered chelate ring ceases to be fluxional and the CH2P methylene hydrogens become pseudo-axial and pseudo-equatorial. Alternatively, at -40°C steric interaction might prevent movement of the CH2S-p-tolyl group past the C E O ligand in the P-Mo-N plane. In either case the CH2P hydrogens would be nonequivalent as would the CH2S hydrogens, which would be diastereotopic. We have observed a similar behaviour for the CH2P hydrogens in [W(CO),{PPh2CH2C(Bu1)=N-N=CH(C6H4F-2)], which shows broad resonances at 20°C but an AB pattern at low temperatures (-60°C) (7) .
We (1, 11, 32, 33) and many others (34) (35) (36) have shown that molybdenum(0) or tungsten(0) carbonyltertiary phosphine complexes can be oxidized by halogens to give molybdenum(I1) or tungsten(I1) species. Treatment of 3a or 4 in CH2C12 at 0°C with 1 equivalent of bromine in CCl, gave the expected neutral seven-coordinate (37-39) dicarbonylmolybdenum(I1) complex 5 as an orange solid in 78% yield. The 3 1~-{ '~] NMR spectrum showed a singlet at 52.5 ppm. The IR spectrum showed two strong bands for v(C=O) at 1970 and 1860 cm-' that were in good agreement with the values (1975 and 1875 cm-') observed for the neutral seven-coordinate dicarbonylmolybdenum(II) dibromide [MoBr2(CO),-{PPh2CH2C(Bu1)=N-N=C(Bu1)CH2PPh2]], containing a terdentate (P-N-P) ligand (1 1). Treatment of the corresponding tricarbonyltungsten(0) complex 3b with 1 equivalent of bromine followed by NH4PF6 in methanol gave the sevencoordinate tricarbonyltungsten(I1) salt 6 as yellow microcrystals in 82% yield. As expected, it showed three IR bands at 2040, 1965, and 1940 cm-' for v(C=O) (1 1).
Complexes of 1 with platinum
We also studied the ability of the thioether azine phosphine 1 to act as either bidentate (P-N) or terdentate (P-N-S) ligand with platinum (Scheme 2). Treatment of the phosphine 1 with [PtCl,(NCMe),] (12) gave the bidentate dichloroplatinum(II) complex 7, containing a six-membered chelate ring. The observed ?ip value of 25.4 ppm with platinum-195 satellites 'J(P~P) = 4085 Hz, and two IR bands at 340 and 290 cm-' due to v(Pt-C1) were indicative of a cis-PtC1, arrangement (2, 40) . In the proton NMR spectrum, the resonances due to the CH,P and CH2S protons were broad at room temperature, as NMR data were in agreement with the proposed structure. We expected that methylene protons on a carbon adjacent to a C=N bond and to a sulfur group would be activated and could be removed by a base (2, 12) . Treatment of the terdentate salt 8a or the bidentate complex 7 with Et3N-NaOH gave the hoped-for chloroplatinum(II) complex 9 as an orange solid. This neutral complex 9 showed a phosphorus-3 1 resonance at 23.3 pprn with a 'J(P~P) value of 3776 Hz, consistent with a phosphorus atom trans to a sulfur donor (2 1,4 1). In the proton NMR spectrum, the =CHS proton appeared as a doublet at 4.27 pprn with satellites, ,J(PH) = 5.9 and 3~(~t~) = 27.4 Hz, whilst the carbon-13 resonance for the =CHS carbon absorbed at 72.5 pprn with 3~(~~) = 2.1 Hz (12). This neutral terdentate complex 9 was readily reprotonated with an excess of HBF, to give the BF, salt 8b, which showed similar NMR properties to 8a. The cation of 8a and 8b showed nonequivalent CH2S hydrogens but apparently equivalent CH2P protons; we suggest that the CH2P hydrogens have accidentally the same chemical shift.
Treatment of the phosphine 1 with [PtMe2(cod)] (12) (cod = cycloocta-l,5-diene) at ca. 20°C in benzene gave the bidentate dimethylplatinum(I1) complex 10, which has a 6, value of 36.9 pprn with 'J(P~P) = 2156 Hz. This small value of 'J(P~P) value is consistent with phosphorus trans to a methyl group (2, 8, 12, 40) . The proton NMR spectrum showed two doublets with platinum-195 satellites for the two methyl groups on platinum; the signal at 1.41 pprn with 2~(~t~) = 70.8 Hz is assigned to the protons of the methyl group trans to phosphorus (2, 12, 40) and the other, at 1.50 pprn with 2~(~t~) = 87.4 Hz, is assigned to the protons of the methyl group trans to nitrogen (2, 8, 12, 40) . The MeC=N proton resonance appeared as a doublet at 1.62 pprn with satellites due to coupling to platinum-195, *J(PH) 2.0 and 4~(~t~) 4.8 Hz. At ca. 25°C the CH2P and CH2S protons each give AB patterns in the 'H-{'PI NMR spectrum; possibly steric interaction prevents the CH2S-p-tolyl group from being able to pass a Pt-methyl, or the fluxionality of the six-membered chelate ring has effectively ceased at this temperature; either effect would render both sets of methylene hydrogens nonequivalent, as with compound 4 above. Square planar dichloropalladium or dimethylplatinum compounds of type [MX2(PPh2CH2C(Bui)=N-N=CHPh]] (M = Pd, X = C1; M = Pt, X = Me) at 25°C also show CH2P protons as an AB pattern in the ' H -{ 3 '~] NMR spectrum, with 2~(~~) = 13.0 (Pd) or 12.6 (Pt) Hz, respectively (2) .
Treatment of the dimethylplatinum(I1) complex 10 with Me1 gave the fac-trimethylplatinum(1V) iodide salt lla, with a specific molar conductivity (A,) of 0.134 R-' mol-' cm2 in acetone solution at 20°C, typical for a bi-univalent electrolyte (42) . Treatment of lla with NH4PF6 in methanol gave the corresponding PF6 salt llb. The low 'J(P~P) values of 1252 and 1241 Hz are similar to other values reported for platinum(1V) -tertiary phosphine complexes (2, 8, 12, 13) . In the ' 3~-{ 1~] NMR spectrum of llb the PtMe carbon trans to phosphorus appeared as a doublet with a large 2~(~~) value of 1 14.8 Hz whilst the methyl carbons cis to phosphorus gave two singlets, indicating a fac-PtMe3 arrangement. The proton resonance at 0.78(d) pprn with 3~(~~) 7.4 and 2~(~t~) 55.7 Hz was assigned to the PtMe group trans to phosphorus (2, 12, 13) whilst the two doublets at 0.97 ppm, with 3~(~~) 6.6 and 2~(~t~) 69.3 Hz, and 1.13 ppm, with 3~(~~) 7.1 and 2~(~t~) 69.8 Hz, were assigned to the two PtMe groups trans to nitro-gen (2, 12, 43, 44) or sulfur (45, 46) . Protonation of the dimethylplatinum(I1) complex 10 with 1 equivalent of picric acid [HOC6H2(N02)3-2,4,6] gave the methylplatinum(I1) picrate salt 12 and methane. The 3 1~-( 1~) NMR spectrum showed a singlet at 43.9 ppm with platinum-195 satellites 'J(P~P) = 4214 Hz. The 'J(P~P) value of 4214 Hz is slightly higher than most other values (280W100 Hz) (18, 21, 41, (47) (48) (49) (50) (51) (52) (53) observed for tertiary phosphine ligands trans to sulfur donors, probably due to the presence of the cis-methyl group. The presence of a cis-alkyl ligand is known to increase 'J(P~P) relative to, say, a halogen ligand (10, 13, 41, 54, 55) . In the proton NMR spectrum, the CH2S protons were coupled to phosphorus ( 4~(~~) = 4.9 Hz), indicative of the coordination of sulfur to platinum. Presumably in 12 there is rapid inversion at sulfur on the NMR time scale, causing equivalence of the two sets of CH, protons; rapid inversion of sulfur coordinated to platinum is well established (19) .
Experimental
All the reactions were carried out in an inert atmosphere of dry nitrogen or dry argon. tert-Butyl diphenylphosphinomethyl ketone hydrazone Z-PPh2CH2C(But)=NNH2 was prepared as reported in a previous paper (1). 4-Methylphenylthiomethyl methyl ketone was purchased from Maybridge Chemical Co. Ltd. Infrared spectra were recorded using a Perkin-Elmer model 457 grating spectrometer. NMR spectra were recorded using a JEOL FX-90Q spectrometer (operating frequencies for 'H and3'Pof 89.5 and 36.2 MHz,respectively), a JEOLFX-100 spectrometer (operating frequencies for 'H and 3 '~ of 99.5 and 40.25 MHz, respectively), a Bruker ARX-250 spectrometer (operating frequencies for 'H, and 13c of 250.13 and 62.9 MHz, respectively), or a Bruker AM-400 spectrometer (operating frequencies for 'H, 3 '~, and 13c of 400.13, 161.9, and 100.6 MHz, respectively); 'H and I3c chemical shifts are relative to tetramethylsilane and 3 1~ shifts are relative to 85% phosphoric acid, coupling constants are in Hz. Electron impact (EI) and fast atom bombardment (FAB) mass spectra were recorded using a VG Autospec with 8 kV acceleration. For metal complexes d z values are quoted for 9 8~o , Is4w, and 19'Pt.
Z,E-{PPh2CH2C(But)=N-N=C(Me)CH2S(C6H4Me-4) 1
Methylphenylthiomethyl methyl ketone (6.0 cm3, 6.0 g, 33.3 mmol) was added to a warm solution of Z-PPh2CH2C- 0.12 mmol) was added to a solution of the tetracarbonyl complex 4 (80 mg, 0.12 mmol) in dichloromethane (3.0 cm3) cooled to 0°C. When the effervescence had subsided, the reaction mixture was filtered and evaporated to low volume. The required product 5 precipitated out as orange microcrystals after trituration with methanol. These were filtered off, washed with cold methanol, and dried. Yield 90 mg, 78%.
(ii) From 3a
The complex 5 was isolated in 97% yield after treating 3a with 1 mole equivalent of Br, in a similar fashion to that described in method (i).
[W(C~)~B~(PP~~CH~C(BU')=N-N=C(M~)CH,S-
A solution of Br, in carbon tetrachloride (0.14 cm3, 0.75 1 M, 0.1 1 mmol) was added to a solution of 3b (80 mg, 0. I 1 mmol) in dichloromethane (2.0 cm3) cooled to 0°C. After the effervescence had subsided, the reaction mixture was filtered and evaporated to dryness. The residue was redissolved in minimum amount of methanol to which a saturated solution of ammonium hexafluorophosphate(V) in methanol (1.0 cm3) was added. The required product precipitated out as yellow microcrystals. Yield 83.0 mg, 82%. 
[PtCl{PPh2CH2C(But)=N-N=C(Me)CH2S(C6H,Me-
4))BF618b
Tetrafluoroboric acid (2 drops) was added to an orange solution of the chloroplatinum complex 9 (70 mg, 0.10 mmol) in dichloromethane (2.0 cm3). The resulting yellow solution was then filtered and the filtrate evaporated to low volume. The required product precipitated out as a cream solid after trituration with n-hexane. Yield 70 mg, 89%. m/z (FAB): 691(M -BF,) and 655(M -BF, -HCl).
[PtCl{PPh2CH2C(But)=N-NC(Me)=CHS(C6H4Me-4 9
An excess of triethylamine (0.2 cm3) was added to a stirred solution of the dichloroplatinum complex 7 (0.3g, 0.41 mmol) in dichloromethane (5.0 cm3). After 0.5 h, a 10% sodium hydroxide solution (2.0 cm3) was added to the dark orange solution. The organic layer was separated, dried over anhydrous magnesium sulphate, and then evaporated to low volume. The required product was obtained as orange microcrystals after trituration of the residue with methanol. Yield 
